Introduction
Klinefelter syndrome (47,XXY) has a prevalence of 0.1-0.2 % in the general population and is characterized by small firm testes, gynecomastia, hypogonadism, and an increased level of serum follicle-stimulating hormone (FSH) [23] . Klinefelter syndrome often results in infertility and has been observed in the infertile male population at an incidence of 3.1 % [23] . Unlike autosomal trisomies in which approximately 10 % of cases are of paternal origin, in about half of cases of Klinefelter syndrome, the extra chromosome is of paternal origin [23] . These errors only arise from nondisjunction in meiosis I when of paternal origin, and more commonly meiosis I rather than meiosis II when of maternal origin [23] . Some studies have shown an increased risk of Klinefelter syndrome with advanced maternal and paternal age [5, 10, 25] . This is thought to be due to greater rates of meiotic nondisjunction errors in aging gametes. Individuals of advanced age commonly utilize assisted reproductive technologies (ARTs). Infertile individuals have been shown to have more chromosome abnormalities in their gametes compared to fertile individuals [8, 14, 31] . Chromosome abnormalities in the sperm of men with abnormal semen parameters have been observed despite a normal karyotype, particularly for sex chromosomes [21, 27, 35, 36] . Through the utilization of ARTs, a higher risk of producing a 47,XXY conception may exist.
Aneuploid conceptions can also involve confined placental mosaicism (CPM), a term used to describe the presence of multiple cell lines in the placenta and not the fetus. Pregnancies with CPM have a 22 % higher rate of loss [18] , a 9.3 % increased risk of growth restriction [29] , and an overall 16-21 % risk of prenatal or perinatal complications [19] . The incidence of CPM is 2 % in first trimester chorionic villus sampling of viable pregnancies, making it the most frequent type of constitutional chromosomal mosaicism [24] . The most common abnormality in CPM is trisomy [18] . Aneuploid pregnancies have been associated with infertility, especially in women of advanced maternal age (AMA). The obstacle of AMA can be overcome with in vitro fertilization (IVF) treatment in some cases. Although IVF is associated with an increased risk of an abnormal embryo, it has not been observed to increase the overall risk for CPM when compared to natural conception [6, 15] .
We report a unique case of Klinefelter syndrome (47,XXY) detected in a newborn conceived through IVF. On analysis of the placenta, a portion was found to contain trisomy 13 as well (47,XXY/48,XXY,+13). Investigations into the origins of the extra chromosomes were completed to see if this may have been a case of double trisomy with subsequent trisomic rescue, or an error in gametogenesis followed by a somatic mutation within the embryo. In light of the first option, the possibility of uniparental disomy (UPD) 13 in the infant was also evaluated. To our knowledge, this is the first report of such a case.
Materials and methods

Patient ascertainment
The couple (female aged 35 years and male aged 40 years) presented with 20 months of primary infertility and underwent infertility treatment at an IVF centre. The female and male did not have any identifiable causes of infertility. The male partner had normal semen parameters. A standard luteal phase (long protocol) of controlled ovarian stimulation using a Gonatodropinreleasing hormone agonist (GnRH-a), recombinant FSH (Puregon), and highly purified urinary human menopausal gonadotropin (Menopur) with intravaginal progesterone as luteal support was undertaken by the female partner. Of the 11 oocytes retrieved, 8 metaphse II oocytes were fertilized. Fertilized eggs were cultured in Cook blastocyst medium (Cook IVF, Sydney, Australia) until day 5. Two good quality blastocysts were transferred. A singleton pregnancy was achieved after standard IVF procedures. This was the first IVF procedure undergone by the couple and no prenatal testing was performed. No complications were reported during the pregnancy and a male infant was delivered at 40 weeks of gestation with a birth weight of 3,782 g (appropriate for gestational age according to the Canadian Perinatal Surveillance System) [22] . The newborn did not show any abnormalities. At delivery, umbilical cord blood and the placenta were collected. Peripheral blood samples were collected from the infant at 1 year of age and from both parents after the umbilical cord blood showed an abnormal karyotype. This study was conducted with the ethical approval attained from the University of British Columbia Ethics Board and the parents gave informed, written consent.
Karyotype analysis and comparative genomic hybridization
Karyotype analyses of the infant, maternal, and paternal chromosomes were performed using standard G-banding methods. DNA was extracted from placental villi and analyzed by comparative genomic hybridization (CGH) using a normal 46,XX reference, as previously described [6] .
Microsatellite analysis
The origin of additional chromosomes was investigated by microsatellite analysis of polymorphic loci (short tandem repeats (STRs)), using PCR amplification with fluorescently labelled primers, followed by capillary electrophoresis sizing (ABI 3100 and ABI 3130xl Genetic Analyser) at the Centre for Molecular Medicine and Therapeutics (Vancouver, BC, Canada).
Results
Karyotype analysis of the cord blood showed a male karyotype with an extra X chromosome (47,XXY) (Fig. 1) . Both the mother and father had normal karyotypes. The karyotype of the infant's peripheral blood sample matched that of the cord blood, confirming the 47,XXY (Klinefelter syndrome) diagnosis. Four of the six STRs analyzed to determine the origin of the additional X chromosome were informative, showing that both X chromosomes are of maternal origin (Table 1 ). The heterozygosity of two loci in the infant, DXS8051 and DXS1047, can be explained by recombination events at the two ends of the chromosome during maternal meiosis I. The extra X chromosome in the infant would have then arisen from nondisjunction during meiosis II.
Five tissue sites from the placenta were investigated using CGH. All sites showed a gain of X chromosome (Fig. 2) . Two of the five sites also showed a gain of chromosome 13, revealing a portion of the placenta with double trisomy (Fig. 2) . To investigate the origin of the extra chromosome 13, STRs were analyzed on chromosome 13 from the trisomic placental sites. Both sites showed that the extra chromosome was of maternal origin, and was the same as the other copy inherited from the mother. This indicates a meiosis II or post-zygotic mitotic nondisjunction event. If this did arise from an error in meiosis II, then the conception will have undergone trisomic rescue resulting in the possibility that the infant has maternal UPD 13. We assessed this by microsatellite analysis, looking at nine STRs on chromosome 13. Our results indicate that UPD 13 is not present, evidenced by three informative loci having an allele inherited from each parent ( Table 2 ). The other six loci were non-informative.
Discussion
We report a case of Klinefelter syndrome in a newborn conceived through IVF with a placental karyotype of CPM 47,XXY/48,XXY,+13. The extra X chromosome originates from maternal meiosis II, as the infant carries only a single allele for STR loci over most of the chromosome except for the distal ends of both arms, which is likely due to recombination during meiosis I.
CPM arises in both normal and abnormal zygotes resulting from errors in mitosis or meiosis respectively [16] . Mitotic CPM begins with a diploid zygote that acquires a postzygotic error, leading to lower levels of mosaicism. Alternatively, meiotic CPM arises from an aneuploid zygote that later undergoes trisomic rescue leaving large portions of the placenta aneuploid. These cases are associated with fetal UPD, which can negatively affect intrauterine growth due to imprinted genes or loss of heterozygosity for recessive mutations [24] . As there have not been any imprinted genes found on chromosome 13 [33] , UPD 13 has generally not been associated with an abnormal phenotype [3, 34] . However, there have been two reported cases of pre-lingual hearing impairment due to UPD 13, caused by recessive mutations in the gene encoding connexin26 [1] . Although our results determined the additional chromosome 13 to be of maternal origin, STR analysis failed to show UPD 13. This does not rule out a meiotic error as the origin of the trisomy 13, however, considering the small portion of placenta containing the 48,XXY,+13 karyotype, it is more likely that it arose from a postzygotic mitotic error.
Advanced maternal age may have been a factor in our case as the mother was 35 years old. It is widely understood, that AMA is associated with higher risks of chromosome abnormalities in newborns [12, 13] . In addition, the process of IVF may have contributed to the aneuploid conception through ovarian stimulation or exposure of the early embryo to an artificial environment with uncertain effects. Ovarian stimulation has been observed to disrupt chromosomal competency, leading to increased errors of meiosis and mitosis [30] .
It is fortunate that the pregnancy carried to term resulting in an infant with weight appropriate for gestational age, since many of the genetic abnormalities present are associated with fetal and maternal complications. It has been hypothesized that trisomic CPM can alter placental function [39] , and the literature implies that this determines intrauterine survival rather than a biological rejection of an abnormal conception by the mother [17] . One of the most common genetic causes of intrauterine growth restriction (IUGR) is the addition of a part or complete X chromosome, as was seen in a similar case of CPM 47,XXY/48,XXY,+8 [2] . One report estimated that the incidence of preeclampsia in pregnancies with trisomy 13 confined to the placenta is higher than that of controls and CPM for trisomy 21 or 18 [38] .
The frequency of double trisomy in spontaneous abortions is between 0.21 and 2.8 % [28] . The first case reported was a patient exhibiting signs of both Down and Klinefelter syndromes with a karyotype of 48,XXY,+21 [11] . More cases have been reported since. However, the true incidence of double trisomy is difficult to estimate due to its rare occurrence and it is unclear what percentage of these conceptions are rescued and go undetected. One study observed that women (mean age 31 +/− 6.1 years) with a previous trisomic pregnancy had a significantly increased risk of a future pregnancy with double trisomy [28] . In another study, Diego-Alvarez et al. [7] determined that all seven cases of double trisomy detected in spontaneous abortions were of maternal origin (mean age of 39.7 +/− 3.4), leading them to hypothesize that the occurrence might be due to the same maternal age-related mechanisms implicated in single trisomy. It is observed that liveborn infants with double trisomy generally have a poor prognosis; the only cases to survive past the first year of life are those involving sex chromosomes and chromosome 21. In one double trisomy case, the 48,XXY,+21 infant was the result of a consanguineous marriage of parents with normal karyotypes [9] . In a different study, the origin of both extra chromosomes in an infant with a karyotype of 48,XXY,+ 21 was found to be from the 13-year old mother. The conception arose from the fertilization of a 25,XX,+21 oocyte by a 23,Y spermatozoan [4] . To our knowledge, the only reported live case of double trisomy 48,XXY,+ 13 was in 1977 by Malhes et al. [26] , where the infant was affected by multiple congenital abnormalities consistent with Patau Syndrome and died 1 h postpartum. This outcome contrasts greatly from our case, where confinement of the trisomy 13 to the placenta resulted in a normal clinical outcome at birth. However, it is possible that further genetic evaluation of the child may reveal the presence of the addition of trisomy 13 in some of the somatic tissues, making him a true mosaic. The risk of recurrent Klinefelter syndrome in future pregnancies is not thought to be greater than the general population [37] . However, little data is available on this topic. The phenomenon of recurrent autosomal anueploidies exists and is mainly due to maternal age-related effects [32] . Therefore, it is possible that the same risks exist for Klinefelter syndrome [32] , but the risk is underestimated because many cases of Klinefelter syndrome are undiagnosed [23] . The risk of recurrent confined placental mosaicism is not known [20] . Information about subsequent pregnancies of the couple in this study was not available.
To our knowledge, this is the first reported case of an infant with Klinefelter syndrome born with CPM trisomy 13. Our results indicate maternal origin for both additional chromosomes, however the X chromosome arose from a meiotic II nondisjunction event and the chromosome 13 from a mitotic event post-fertilization. As it is not routine to analyze the genetic make-up of placentas of genetically abnormal conceptions, the true rate of CPM in abnormal pregnancies may be underestimated. If this were found to be true, then the incidence of multiple genetic nondisjunction events affecting a single pregnancy would increase. Genetic analysis of these cases may provide support for the hypothesis that there may be a genetic predisposition to nondisjunction events in these cases [17] .
